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(57) Abstract: A high-speed semiconductor transistor and process for forming same. The process includes forming, in a Si sub- 
' strate (10), spaced apart shallow trench isolations (STIs) (20), and a gate (36) atop the substrate between the STIs. Then, regions 
(40, 44) of the substrate on either side of the gate are either amorphized and doped, or just doped. In certain embodiments of the 
qq invention, extension regions (60, 62 or 60', 62") and deep drain and deep source regions (80, 84 or 80', 84') are formed. In other 
— embodiments, just deep drain and deep source regions (80, 84 or 80', 84') are formed. A conformal layer (106) is then formed atop 
the substrate, covering the substrate surface (11) and the gate. The conformal layer can serve to absorb light and/or to distribute heat 
to the underlying structures. Then, at least one of front-side irradiation (1 10) and back-side irradiation (116) is performed to activate 
the drain and source regions and, if present, the extensions. Explosive recrystallization (124) is one mechanism used to achieve 
dopant activation. A deep dopant region (120) may be formed deep in the substrate to absorb light and release energy in the form of 
1^* heat (122) which then activates the doped regions. 
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HIGH-SPEED SEMICONDUCTOR TRANSISTOR AND SELECTIVE 
ABSORPTION PROCESS FOR FORMING SAME 



5 Field of the Invention 

The present invention relates to semiconductor processing, and more particularly 
relates to high-speed semiconductor transistors and a process for forming same. 
Background of the Invention 

Improvements in semiconductor technology and semiconductor manufacturing are the 

10 main drivers to the reduction of cost and the increase in speed of computers. There have been 
many improvements to semiconductor devices to increase their speed and performance, 
ranging from packaging of integrated circuits ("chips") to the wiring of the devices on the 
chip, to the design of the devices themselves. 

Improvements in chip performance are generally obtained by changing the physical 

15 structure of the devices comprising the chip by inventing a new process (or improving an 
existing process) for making the devices. For example, with the continuing need for smaller 
integration densities and fester operational speeds, dopant impurity profiles for integrated 
devices are becoming increasingly shallower with greater dopant concentrations, as compared 
to previous generations of integrated devices. The shallower dopant profiles and greater 

20 dopant concentrations are used to decrease the sheet resistance of the source and drain regions 
to obtain fester transient response or logic-state switching rates relative to previous chips. 

Thermal annealing techniques, such as rapid thermal annealing (RTA) or rapid thermal 
process (RTP), are becoming less attractive as options for performing activation annealing of 
doped regions of an integrated device after dopant implantation. This is mainly because 

25 thermal annealing techniques typically require heating the entire substrate to a maximum 

temperature for a time sufficient to activate the integrated device's source and drain regions, 
after which the substrate is permitted to cool to quench the doped source and drain regions. 
This approach is problematic because the substrate is capable of holding a relatively large 
amount of thermal energy, which requires significant time to be dissipated via radiation and 

30 convection before the dopant ions become incapable of moving due to solidification of the 
doped regions. Therefore, during the time required for the substrate to cool, the dopant ions 
can readily move beyond the intended boundaries of the doped regions (a phenomenon which 
is sometimes referred to as "transient enhanced diffusion"). As a result, the junction depth of 
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the source/drain regions becomes greater than desired. This, in turn, leads to increased off- 
state leakage currents and thus reduced device performance. 

The speed of semiconductor devices has also been limited to date by physical 
constraints on the amount of activated dopant concentrations. More specifically, for any two 
5 species of dopant and substrate ions, under equilibrium conditions, there are only a certain 
number of dopant ions that can be positioned at activated sites within the crystalline lattice of 
substrate ions. This limit is known as the 'solid solubility limit'. It is generally not possible in 
the fabrication of semiconductor devices to attain activated dopant concentrations above the 
solid solubility limit. With thermal annealing techniques, the minimum sheet resistance 

10 attainable in the doped regions is controlled by the solid solubility limit, which is 3 x 10 20 
ions/cm 3 for boron, 2 x 10 21 ions/cm 3 for arsenic, and 1.5 x 10 21 ions/cm 3 for phosphorous. 
Lower sheet resistance in the doped regions of an integrated device generally leads to fester 
transient response or logic-state switching rates. Accordingly, it would be desirable to 
increase the dopant concentration in active sites within an integrated device's doped region(s) 

15 to levels above the solid solubility limit. Such dopant concentrations are not presently 
attainable with known conventional annealing techniques. 

The nature of the dopant profiles and the carrier concentration affect the performance 
of the chip. A gradual dopant profile is prone to higher spreading resistance, while a reduced 
carrier (dopant) concentration can result in a higher sheet resistance than is desired. The 

20 formation of abrupt junctions (e.g., sharp dopant profiles) reduces overlap capacitance and 
spreading resistance, and the ability to increase the dopant concentration lowers the sheet 
resistance. Both these effects serve to increase the speed and improve the performance of the 
chip. 

There are many prior art semiconductor processes pertaining to improving the 
25 performance of a semiconductor device by changing the properties of the device. For 

example, U.S. Patent No. 5,756,369 (the '369 patent), entitled <c Rapid thermal processing 
using narrowband infrared source and feedback", describes rapid thermal processing (RTP) of 
a semiconductor wafer performed by scanning a laser beam across a silicon dioxide film in 
contact with a surface of the wafer. The silicon dioxide film absorbs the energy from the laser 
30 beam and converts the energy to heat. The heat, in turn, is transferred to the wafer. 

Temperature feedback can be obtained to increase control and uniformity of temperatures 
across the wafer. However, a shortcoming of this technique is that the temperature of the 
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entire wafer rises to the dopant activation temperature (typically from 800 °C to 1 100°C). 
Also, a silicon film is required to be deposited on the backside of the wafer. In addition, a 
continuous wave C0 2 laser is used, which does not allow for sufficient cooling of the wafer 
region being processed for many applications. 
5 U.S. Patent No. 5,897,381, (the '381 patent) entitled "Process of forming a layer and 

semiconductor substrate", discloses and claims a process of forming a layer on a 
semiconductor substrate having a front side and a backside, the process comprising the steps 
of placing a film of material in contact with the backside of the substrate, then directing a 
beam of narrowband energy onto the film such that the film absorbs the energy and transfers 

10 heat to the substrate, then controlling temperatures across the backside of the substrate, and 
then finally performing an additive process on the front side of the substrate. However, like 
the '369 patent, the '381 patent has the shortcoming that the entire wafer rises to the dopant 
activation temperature (typically from 800 to 1 100° C) when heated. Also, a silicon dioxide 
film needs to be deposited at the back of the wafer, and a continuous wave C0 2 laser is used, 

15 which does not allow for sufficient cooling of the wafer region being processed for many 
applications. 

U.S. Patent No. 5,908,307, entitled 'Tabrication process for reduced-dimension FET 
devices", describes pre-amorphization of a surface layer of crystalline silicon to an ultra- 
shallow (e.g., less than 100 nm) depth which provides a solution to fabrication problems 

20 including (1) high thermal conduction in crystalline silicon and (2) shadowing and diffraction- 
interference effects by an already fabricated gate of a field-effect transistor on incident laser 
radiation. Such problems, in the past, have prevented prior-art projection gas immersion laser 
doping from being effectively employed in the fabrication of integrated circuits comprising 
MOS field-effect transistors employing 100 nm and shallower junction technology. However, 

25 a shortcoming of this technique is that the polygate may not be able to stand the high laser 
fluence without appreciable deformation. Another shortcoming is that undesired silicon 
melting underneath the trench isolation is likely to occur. 

U.S. Patent No. 4,617,066, entitled, 'Process of making semiconductors having 
shallow, hyperabrupt doped regions by implantation and two step annealing", describes a 

30 process for producing hyperabrupt P± or N± regions in a near-surface layer of a substantially 
defect free crystal, using solid phase epitaxy and transient annealing. The process for 
producing a hyperabrupt retrograde distribution of the dopant species begins with amorphizing 
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the near- surface layer of a base crystal, and then implanting a steep retrograde distribution of 
the desired species into the amorphized layer, so that the retrograde distribution lies entirely 
within the amorphized layer, thereby avoiding channeling effects during implantation. The 
substantially defect-free structure of the base crystal is restored by annealing the implanted 
5 base crystal at a temperature sufficiently high to induce solid phase epitaxial regrowth on the 
underlying nonamorphized crystal, but at a temperature sufficiently low to avoid significant 
diffusion of the implanted species. The implanted species is subsequently activated by a rapid 
thermal annealing process, at a temperature sufficiently high to activate the implanted species, 
but for a very short time so that long-range diffusion does not occur. In a preferred 

10 embodiment, the implanted species is boron, BF 2 +, phosphorus, or arsenic in the top 0.20 

micrometers of a substantially defect-free silicon base crystal, which may be in a bulk form or 
epitaxially deposited on an insulator. However, a shortcoming of this technique is that 
conventional rapid thermal annealing is used, which typically results in diffusion (even over 
short ranges), which can significantly impact device performance. 

15 U.S. Patent No. 4,151,008, entitled, "Process involving pulsed light processing of 

semiconductor devices," discloses a process in which a pulsed laser or flash lamp produces a 
short duration pulse of light for thermal processing of selected regions of a semiconductor 
device. The light pulse is directed towards the semiconductor device and irradiates selected 
surface regions of the device to be processed. Energy deposited by the light pulse momentarily 

20 elevates the temperature of the selected regions above threshold processing temperatures for 
rapid, effective annealing, sintering or other thermal processing. The characteristics of the light 
pulse are such that only those surface vicinity regions to be processed are elevated to a high 
temperature and the remaining mass of the semiconductor device is not subjected to 
unnecessary or undesirable high temperature exposure. However, a shortcoming of this 

25 technique is that the dopant concentration cannot go beyond solid solubility limit. 

U.S. Patent No. 4,456,490, entitled, <e Laser annealing of MIS devices by back surface 
laser treatment," discloses a process for fabricating a metal-insulator- semiconductor integrated 
circuit, including the step of passing a laser beam through a silicon wafer from the back 
surface to effect localized heating of an insulating layer, upon which is formed metallic circuit 

30 paths. However, a shortcoming of this technique is that the absorbing layer needs to remain as 
part of the structure of the IC, which is not always desirable. 



4 
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Summary of the Invention 

The present invention relates to semiconductor processing, and more particularly 
relates to processes of forming an activated doped region in a semiconductor. 

A first embodiment of the invention is a process for fabricating a transistor device in a 
5 semiconductor substrate having an upper surface, spaced apart shallow trench isolations, and a 
gate formed on the upper surface between the shallow trench isolations. The process includes 
the steps of first, forming first amorphous regions in the semiconductor substrate near the 
upper surface on either side of the gate. The next step is doping the first amorphous regions, 
thereby forming corresponding first and second doped amorphous extensions. Following the 

10 formation of the extensions, the next step is forming side wall spacer structures on either side 
of the gate. The next step is forming second amorphous regions in the semiconductor 
substrate adjacent the first and second extensions. The next step is doping the second 
amorphous regions, thereby forming corresponding doped amorphous deep drain a doped 
amorphous deep source regions. The next step is forming a strippable conformal layer atop 

15 the upper surface of the substrate and the gate. The final step is then performing at least 
one of front-side irradiation and backside irradiation, thereby providing sufficient heat to the 
first and second extensions and the deep drain and the deep source regions so as to effectuate 
activation of the first and second extensions and the deep drain and the deep source regions. 
A second embodiment of the invention is also a process for fabricating a transistor 

20 device in a semiconductor substrate having an upper surface, spaced apart shallow trench 

isolations, and a gate formed on the upper surface between the shallow trench isolations. The 
process according to the second embodiment includes the steps of forming a deep dopant 
region below the upper surface of the substrate. The next step is then forming first and second 
amorphous regions in the substrate adjacent the gate and between the upper surface and the 

25 deep dopant region. The next step is doping the first and second amorphous regions, thereby 
forming corresponding first and second extension regions. The next step is then forming 
second amorphous regions in the semiconductor substrate adjacent the first and second 
extensions. Following the formation of the extensions, the next step is forming side wall 
spacer structures on either side of the gate. The next step is then doping the second 

30 amorphous regions, thereby forming corresponding doped amorphous deep drain doped 
amorphous deep source regions respectively having first and second amorphous-crystalline 
interfaces. The next step is then forming a strippable conformal layer atop the upper surface of 
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the substrate and the gate. Then, the final step is performing at least one of front-side 
irradiation and backside irradiation, thereby providing sufficient heat to the deep dopant region 
to effectuate activation of the first and second extensions and the deep drain and the deep 
source regions. 

5 A third embodiment of the invention is also a process for fabricating a transistor device 

in a semiconductor substrate having an upper surface, spaced apart shallow trench isolations, 
and a gate formed on the upper surface between the shallow trench isolations. The process 
according to the a third embodiment of the invention comprises the steps of first, forming first 
and second doped extensions the semiconductor substrate near the upper surface on either 

10 side of the gate. Following the formation of the extensions, the next step is forming side wall 
spacer structures on either side of the gate. The next step is then forming doped drain and 
source regions in the semiconductor substrate adjacent the first and second extensions 
respectively. The next step is forming a strippable conformal layer atop the upper surface of 
the substrate and the gate. The final step is then performing at least one of front-side 

15 irradiation and backside irradiation, thereby providing sufficient heat to the first and second 
extensions and the deep drain and the deep source regions so as to effectuate activation of the 
first and second extensions and the deep drain and the deep source regions. 

A fourth embodiment of the invention is a process for fabricating a transistor device in 
a semiconductor substrate having an upper surface, spaced apart shallow trench isolations, and 

20 a gate formed on the upper surface between the shallow trench isolations. The process 
comprises the steps of first, forming a deep dopant region below the upper surface of the 
substrate. The next step is then forming first and second doped extensions in the substrate 
adjacent the gate. Following the formation of the extensions, the next step is forming side 
wall spacer structures on either side of the gate. The next step is then forming doped deep 

25 drain and deep source regions in the substrate between the first and second doped extensions, 
respectively, and the deep dopant region, the drain and source regions having drain-substrate 
and source- substrate interfaces, respectively. The next step is then forming a strippable 
conformal layer atop the upper surface of the substrate and the gate. The final step is then 
performing at least one of front-side irradiation and backside irradiation, thereby providing 

30 sufficient heat to the deep dopant region to effectuate activation of the first and second 
extensions and the deep drain and the deep source regions. 

Alternate aspects of the above embodiments involve not forming the extensions 

6 
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regions. 

In addition, the transistor devices that are formed as a result of the above-described 
embodiments are further aspects of the present invention. 
Brief Description of the Drawings 
5 FIGS. 1A-1G are cross- sectional schematic diagrams illustrating the process steps 

associated with forming a semiconductor transistor device according to first and second 
aspects of the first embodiment of the present invention; 

FIG. 2 is a plot of SIMS profiles of boron in silicon at different implant doses and the 
associated sheet resistance values for drain and source regions formed using the process 
10 according to the present invention; 

FIG. 3 A is a cross-sectional schematic diagram illustrating the formation of a deep 
dopant layer in a substrate; 

FIG. 3B is a cross- sectional schematic diagram illustrating the essential components of 
a semiconductor transistor device and the employment of front-side and/or backside 
15 irradiation in the processing of the device according to a first aspect of the second 

embodiment of the process according to the present invention, wherein the device includes 
extension regions; 

FIG. 3C is a cross-sectional schematic diagram illustrating the essential components of 

a semiconductor transistor device and the employment of front- side and/or backside 
20 irradiation in the processing of the device according to a second aspect of the second 

embodiment of the process according to the present invention, wherein the device includes 

only drain and source regions without extension regions; 

FIG. 4A is a cross-sectional schematic diagram illustrating the essential components of 

a semiconductor transistor device and the employment of front-side and/or backside 
25 irradiation in the processing of the device according to a first aspect of the third embodiment 

of the process according to the present invention, wherein the device includes extension 

regions; 

FIG. 4B is a cross- sectional schematic diagram illustrating the essential components of 
a semiconductor transistor device and the employment of front- side and/or backside 
30 irradiation in the processing of the device according to a second aspect of the third 

embodiment of the process according to the present invention, wherein the device includes 
only drain and source regions without extension regions; 
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FIG. 5A is a cross^sectional schematic diagram illustrating the essential components of 
a semiconductor transistor device and the employment of front-side and/or backside 
irradiation in the processing of the device according to a first aspect of the fourth embodiment 
of the process according to the present invention, wherein the device includes extension 
5 regions; and 

FIG. 5B is a cross-sectional schematic diagram illustrating the essential components of 
a semiconductor transistor device and the employment of front-side and/or backside 
irradiation in the processing of the device according to a second aspect of the fourth 
embodiment of the process according to the present invention, wherein the device includes 

10 only drain and source regions without extension regions. 
Detailed Description of the Invention 

The present invention is a novel semiconductor transistor device having more abrupt 
dopant profiles and lower sheet resistance, and a process for forming same. 

In particular, the present invention is a process of fabricating a semiconductor metal- 

15 insulator-semiconductor field effect transistor (MISFET). The insulator in the MISFET could 
be silicon dioxide (Si0 2 ) or a composite layer of Si0 2 with other insulating materials, and the 
semiconductor therein could be silicon or DI-V compounds or Si-Ge alloys or 1H-V 
compound alloys. The metal of the MISFET could be, for example, doped polysilicon, 
aluminum, or a refractory metal. 

20 The formation of a MISFET transistor according to the present invention involves 

laser thermal processing (LTP) of a silicon (Si) substrate. It will be understood by one skilled 
in the art that the processes described herein are applicable to, and are generally intended for 
use in connection with the simultaneous manufacture of large numbers of integrated circuits 
formed on a semiconductor wafer substrate. Many of the processing steps described below 

25 are also described in detail in U.S. Patent Application No. 09/286,492, filed on April 5, 1999 
by the applicant, which patent application is incorporated herein by reference. Also, the 
substrate referred to herein is preferably Si, though other known semiconductor substrates 
could be used. The temperatures cited below refer to Si substrates. 
First Embodiment 

30 FIGS. 1A-1F are cross- sectional diagrams outlining the process steps of forming an 

integrated metal-insulator- semiconductor field-effect transistor (MISFET) device on Si 
substrate 10 according to a first embodiment of the present invention. Si substrate 10 has a 
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weak dopant concentration (e.g., 10 15 - 10 16 ions/cm 3 ). 

With reference first to FIG. 1A, semiconductor substrate 10, having an upper surface 
1 1 (also referred to herein as the '"front-side") and a lower surface 12 (also referred to herein 
as the '"backside"), is provided. Substrate 10 can be a semiconductor material such as Si, 
5 preferably in the form of a single crystal substrate of the kind used in the art of semiconductor 
device manufacturing. 

The first step of the first embodiment of the process is forming spaced apart shallow 
isolation trenches (STIs) 20 to electrically isolate an area of Si substrate 10 in which the 
MISFET device is to be formed. STIs 20 are formed by first etching spaced apart trenches 

10 into upper surface 12 of Si substrate 10, and then filling the trenches with an insulating 

material (e.g., an oxide such as silicon dioxide). Upper surface 11 of Si substrate 10 is then 
chenrically-mechanically polished, resulting in a planarized upper surface. 

After STIs 20 are formed, the next step is forming a gate using techniques well-known 
in the art of semiconductor technology. This involves forming a gate insulator layer 26 on 

15 upper surface 12 of Si substrate 10. Gate insulator layer 26 can be an oxide layer, for 
example, in which case the resulting device is a MOSFET. A poly-silicon or amorphous 
silicon layer 30 is then deposited by low-pressure chemical vapor deposition, for example, 
atop gate insulator layer 26. Silicon layer 30 and gate insulator layer 26 are then patterned 
using a resist layer to selectively form or etch the silicon layer 30 and the gate insulator layer 

20 26 to form the silicon gate body ("gate") 36, which includes a portion of gate insulator layer 
26. Gate 36, as represented in the cross^sectional view of FIG. 1 A, has first and second sides 
38a and 38b. 

With reference now to FIG. IB, the next step of the present embodiment involves 
forming doped extensions by first amorphizing regions 40 and 44, respectively, of Si substrate 

25 10 on near upper surface 1 1 on either side of gate 36. For the formation of extensions, this 
depth is preferably between 20-30 nanometers. A preferred process for performing this 
amorphizing step is through an ion implantation process, indicated by arrows 48. The 
implanted ions destroy the chemical bonds between silicon atoms in Si substrate 10 so that the 
atomic structure therein is made relatively disordered and random, as compared with the 

30 portions of the Si substrate 10 that are not subjected to such ion bombardment. Preferably, 
the ion species, the implantation energy and the dosage are selected to amorphize regions 40 
and 44 to a predetermined depth d. In general, selecting an ion species with a relatively light 
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atomic weight, and/or increasing the ion implantation energy in ion implantation process 48 
will each have the effect of increasing the amorphization depth d. Conversely, selecting an ion 
species with relatively heavy atomic weight, and/or decreasing the ion implantation energy in 
ion implantation process 48 will each have the effect of decreasing the amorphization depth d. 
5 A number of ion species can be used to produce the amorphous regions. For example, the ion 
species can include silicon, argon, arsenic, or germanium. The ion implantation energy can be 
in a range from 2 to 100 kilo-electronVohs (keV) at a dosage in a range from 10 13 to 10 16 
ions/cm 2 . In a preferred embodiment, the depth d to which amorphized regions 40 and 44 
extend into Si substrate 10 is predetermined to be less than 100 nanometers. To produce an 

10 amorphization depth d of 30 nanometers, it is preferable that germanium ions implanted at an 
energy of about 20 keV with a dosage of about 3 x 10 14 atoms/cm 2 be used. However, the 
implanted species can be Si, Ge, Ar, As, P, Xe, Sb, and In. An implant energy between 2keV 
to lOOkeV is generally preferred, and the implant dose is preferably in the range from lxlO 13 
atoms/cm 2 to lxl 0 16 atoms/cm 2 . Implantation of amorphizing dopants can be performed with 

15 known apparatus, such as the 9500 XR ION IMPLANTER™, commercially available from 
Applied Materials, Inc., San Jose, California. 

With reference now to FIG. 1C, amorphized regions 40 and 44 are then doped with 
appropriate n- or p-type dopants, as indicated by dopant implant beam 50. Doping is 
performed using p-type dopant ions (e.g., boron, aluminum, gallium, beryllium, magnesium, or 

20 zinc) or n-type dopant ions (e.g., phosphorous, arsenic, antimony, bismuth, selenium, and 
tellurium) from an ion implanter, such as the one mentioned above. The ions are accelerated 
to a given energy level (e.g., 200eV to 40KeV) and implanted in amorphized regions 40 and 
44 through upper surface 11 to a given dose (e.g., about 1 x 10 14 atoms/cm 2 to 1 x 10 16 
atoms/cm 2 ), thereby forming doped extensions 60 and 62. The latter have, in practice, a 

25 concentration of dopant that varies with depth into substrate 10 from upper surface 11, and is 
typically between lO^-lO 22 ions/cm 3 . The first and second steps of the present embodiment 
can be interchanged to achieve the same effect. The first (amorphization) step may be omitted 
completely if the dopant implant carried out to introduce dopants into the extensions of 
substrate 10 to be activated also amorphizes regions 40 and 44. In practice, any one of a 

30 number of conventional dopant implant techniques can be used to form extensions 60 and 62. 
Further, the dopant implantation step can be skipped all together, leaving regions 40 and 44 
undoped. 
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If Si substrate 10 is p- type, extensions 60 and 62 are doped with n-type dopants. On 
the other hand, if Si substrate 10 is n-type, then extensions 60 and 62 are doped with p-type 
dopants. 

With reference now to FIG. ID, the next step of the present embodiment is forming 
5 sidewall spacers 66. This is accomplished by forming an insulator layer (not shown) atop 
upper surface 1 1 of Si substrate 10 and gate 36. This insulator layer is then etched to form 
insulator sidewall spacers 66 on sides 38a and 38b, respectively, of gate 36. Sidewall 
spacers 66 help to achieve self-alignment of the position of the deep drain and deep source 
regions yet to be formed, and also prevent horizontal diffusion into gate 36. 

10 With reference now to FIG. IE, the next step of the present embodiment involves 

performing a second deeper amorphizing implant 70 and a second deeper dopant implant 74 
beneath extensions 60 and 62 (see FIG. ID), thereby respectively forming a doped deep drain 
region 80 and a doped deep source region 84. Deeper dopant implant 74 is typically at a 
higher dose than used in doping extensions 60 and 62 (e.g., 10 14 - 10 16 ions/cm 3 ), so that the 

15 dopant concentration is higher in drain and source regions 80 and 84 than in extensions 60 and 
62. Also, the depth of drain and source regions 80 and 84 preferably extends to about 50 
nanometers below upper surface 11. This process leaves a portion of extensions 60 and 62 
beneath sidewall spacers 66. A first amorphous-crystalline interface II separates drain region 
80 and crystalline Si substrate 10, and a second amorphous-crystalline interface 12 separates 

20 source region 84 from the crystalline Si substrate 10. 

With reference now to FIG. IF, the next step of the present embodiment involves 
depositing a strippable conformal layer 106 over upper surface 1 1, including extensions 60 and 
62, gate 36 and sidewall spacers 66. Conformal layer 106 needs to be capable of withstanding 
high temperatures, i.e., temperatures in excess of the Si melting temperature of 1410°C. The 

25 material making up conformal layer 106 must also be easily removable without impacting the 
layers or regions below. One role of conformal layer 106 is to maintain the physical structure 
of the device during processing. Another role of conformal layer 106 is to absorb energy from 
a wavelength of light used in laser thermal process and to redistribute this absorbed energy as 
heat to the structure below. An exemplary material for conformal layer 106 is tantalum (Ta), 

30 deposited to a thickness of between 100 and 1000 angstroms via sputtering or by CVD. Other 
preferred materials for conformal layer 40 include titanium (Ti), titanium nitride (TiN), 
tantalum (Ta), tungsten nitride (WN), oxide, nitride, or combination of these. An oxide or 



WO 01/80300 



PCT/US01/07632 



nitride layer may need to be deposited as part of conformal layer 106 to adjust the reflectivity 
of the conformal layer. 

With continuing reference to FIG. IF, a first alternative for the seventh step of the 
present embodiment is to perform laser annealing of the structure by irradiating conformal 
5 layer 106 and through upper surface 1 1 of substrate 10 with a radiation beam 110. This 

process is referred to herein as "front- side irradiation". Radiation beam 1 10 is preferably from 
a laser emanating pulsed light having a wavelength of between 0. 1 and 0.6 microns, a temporal 
pulse width of less than 1 ms, and an irradiance between 0. 1 to 1000 J/cm 2 per pulse. 
Conformal layer 106 may be made of a transparent material, such as silicon dioxide, so as to 

10 maximize the laser energy absorbed by drain and source regions 80 and 84 and extensions 60 
and 62. In this case, conformal layer 106 serves mainly to keep the junction structure 
together, while also preferably serving as an antireflection coating. The energy absorbed in 
regions 80 and 84 and extensions 60 and 62 is designed to be sufficient to heat these regions 
to a temperature in the range of 800 °C to 1 100° C. This temperature range is sufficient to 

15 activate regions 80 and 84 and extensions 60 and 62 without melting. Alternatively, the 

temperature of regions 80 and 84 and extensions 60 and 62 may be made high enough (e.g., in 
excess of 1 100° C, but preferably less than 1410°C, the melting temperature of substrate 10) 
to melt these regions and the extensions to achieve activation upon recrystallization. 

Conformal layer 106 may also be made of an opaque material so as to couple energy 

20 from radiation beam 110 into the underlying structure. In this case, radiation beam 110 
preferably has a wavelength of between 0. 1 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 to 1000 J/cm 2 per pulse. The energy from radiation 
beam 1 10 is designed so that it is absorbed in conformal layer 106 so that regions 80 and 84 
. and extensions 60 and 62 are heated sufficiently to a temperature in the range of 800° C to 

25 1 100°C, i.e., sufficient to activate the regions and the extensions without melting them. Also, 
as discussed above, alternatively, the temperature of conformal layer 106 may be made high 
enough (e.g., in excess of 1 100°C) to melt regions 80 and 84 and extensions 60 and 62 to 
achieve activation upon recrystallization. 

With continuing reference to FIG. IF, in an alternative to the above-described step of 

30 front-side irradiation, the same effect may be achieved by irradiating lower surface 12 of 
substrate 10 with a radiation beam 116. This process is referred to herein as '"backside 
irradiation". In this case, lower surface 12 of substrate 10 should be polished to avoid light 
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loss due to surface scattering. Radiation beam 116 preferably has a wavelength between 1 to 
20 microns, a temporal pulse length of less than 1ms, and an irradiance between 0.1 to 1000 
J/cm 2 . Radiation beam 116 passes through substrate 10 without significant attenuation, but is 
absorbed by conformal layer 106. Heat from heated conformal layer 106 then diffuses into 
5 substrate 10 and heats drain and source regions 80 and 84 and extensions 60 and 62 to a 
temperature between 800 °C and 1 100°C, which is sufficient to activate the regions and 
extensions without melting them. Alternatively, the temperature of drain and source regions 
80 and 84 and extensions 60 and 62 may be made high enough (e.g., in excess of 1 100°C) 
through backside irradiation to melt the regions and the extensions to achieve activation upon 

10 recrystallization. The preferred conformal layer 106 is made out of opaque materials, which 
absorb light at wavelengths between 1 to 20 microns, since the layer absorbs radiation first 
passing through substrate 10 from lower surface 12. Also, where the wavelength of the 
radiation beam is such that it is absorbed by source and drain regions 80 and 84 and extensions 
60 and 62, conformal layer 106 may comprise a material that reflects heat, such as aluminum, 

15 In this case, conformal layer 106 acts to direct any radiation that passes through to upper 
surface 1 1 back into drain and source regions 80 and 84 and extensions 60 and 62, further 
heating these regions. 

In another alternative to separate front-side irradiation and back-side irradiation, both 
backside and front-side irradiation using both radiation beams 110 and 116 can be used to 

20 achieve activation of drain and source regions 80 and 84, and extensions 60 and 62. In this 
case, radiation beam 110 has an irradiance sufficient to heat drain and source regions 80 and 
84 and extensions 60 and 62 to a temperature up to < 1 100° C. Radiation beam 1 10 is 
preferably from a laser emanating pulsed light having a wavelength of between 0. 1 and 20 
microns, a temporal pulse width of less than 1 ms, and an irradiance between 0. 1 to 1000 

25 J/cm 2 per pulse. In combination therewith, lower surface 12 of substrate 10 is irradiated 

(backside irradiation) with radiation beam 116 having a wavelength between 1 to 20 microns, 
a temporal pulse length of less than 1ms, and an irradiance between 0. 1 to 1000 J/cm 2 . The 
heating caused by the front-side radiation, can enhance the absorption of back-side radiation 
beam 116. Radiation beam 116 passes through substrate 10 from lower surface 12 to upper 

30 surface 1 1 without significant attenuation, and is absorbed near the upper surface 1 1 in the 
substrate or in the conformal layer 106. The irradiance of radiation beam 1 16 is designed to 
further heat the upper surface 11 to a temperature between 800 °C and 1100°C, which is 
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sufficient to activate regions 80 and 84, and also extensions 60 and 62. Also, in this 
alternative embodiment, the temperature of regions 80 and 84 and extensions 60 and 62 may 
be made high enough (e.g., in excess of 1 100°C) to melt the regions and the extensions to 
achieve activation upon recrystallization by dopant trapping. 
5 After irradiation is performed using one of the irradiation alternatives discussed above, 

in the next step, conformal layer 106 is stripped away, using for example concentrated 
hydrofluoric acid. 

With reference to FIG. 1G, in a second aspect of the present embodiment, the process 
follows the steps described above, through to FIG. 1C. However, rather than forming 

10 extensions 60 and 62 in the maimer described above, only the implant 48 is carried out to form 
drain and source regions 80 and 84 that extend down to about 50 nanometers, and extend 
laterally within Si substrate 10 so as to reach to the sides 38a and 38b, as extended into the 
substrate from upper surface 1 1, as indicated by the dashed lines in FIG. 1G. In this aspect of 
the present embodiment, irradiation to activate drain and source regions 80 and 84 is carried 

15 out as described above in connection with the first aspect of the embodiment with reference to 
FIG. IF (the steps illustrated in FIGS. ID and IE are not used here). 

The process of the present invention as described above with respect to both aspects of 
the first embodiment results in activate drain and source regions 80 and 84 (and also 
extensions 60 and 62 in the first aspect of the embodiment), wherein the dopant profile is very 

20 shallow (on the order of 50 nm), has a sharply defined boundary, and has a very low sheet 
resistance, as indicated by the curves in FIG. 2. 

The dopant concentration in the laser annealed regions (and extensions) that results is 
also much higher (e.g., on the order of lO^cm 3 ) and relatively scales with implant doses, 
while in comparison, for regions annealed using conventional RTA, the dopant concentration 

25 saturates at about 3x1 O^cm 3 . For a boron implant dose of lxl0 16 cm 2 , the sheet resistance 
obtained using the present process is about 73Q/sq (see FIG. 2). It is believed this represents 
the lowest sheet resistance reported for drain and source regions having a depth of 50 
nanometers or shallower. It also indicates that the activated dopant concentration is above 
10 21 cm" 3 , which is higher than the solid solubility limit. 

30 Second embodiment 

With reference now to FIGS. 3A-3C, a second embodiment of the process of the 
present invention is now described. Where the same components and structures from the first 
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embodiment are used, the same reference numbers are also used. Like the first embodiment, 
the present embodiment begins with the step of providing substrate 10. 

However, with reference to FIG. 3A, unlike the first embodiment, a deep, activated 
doped region 120 ("deep dopant region") is formed within substrate 10. Region 120 may be 
5 formed, for example, by ion implanting dopant ions using an ion beam 124 having a dose 
range from 10 12 - 10 16 atoms/cm 2 to a depth of approximately 0.1^m to 10 ^m, and then 
performing a rapid thermal anneal (RTA) of the substrate to activate the region. Alternatively, 
the dopants may be deposited at or near upper surface 1 1 and then diffused into substrate 10 
to the desired depth. The relatively high dopant concentration of region 120 causes increased 

10 absorption of light in the 1-20 ^m wavelength range within the region. Accordingly, light 
having a wavelength between 1-20 microns will pass through crystalline substrate 10 (which 
has a doping concentration less than 10 16 ions/cm 3 and hence a lower absorption), but will be 
absorbed in region 120. This absorbed light then heats region 120. 

The next steps in the first aspect of the present embodiment are the same as those of 

15 the first embodiment, as described with reference to FIGS. 1A-1F. However, the mechanism 
for activating drain and source regions 80 and 84 and extensions 60 and 62 are as described 
below. 

Thus, with reference now to FIG. 3B, the next step of the present embodiment, 
following the process step of FIG. IF, is the performance of front-side irradiation with 

20 radiation beam 1 10, as described above in connection with the first embodiment. Radiation 
beam 1 10 is preferably pulsed laser light of a wavelength of 0. 1 to 20 microns, with an 
irradiance of 0.1 to 1000 J/cm 2 , and having a temporal pulse length shorter than 1 ms. 
Conformal layer 106 can either be transparent or opaque, as described above. 

For a transparent conformal layer 106, radiation beam 110 preferably has a wavelength 

25 range from 0.6 to 20 jim Energy from radiation beam 1 1 0 is transferred from conformal layer 
106 to substrate 10 and is absorbed by deep dopant region 120, which then releases the 
absorbed energy as heat. This heat diffuses toward interfaces II and 12, as indicated by 
arrows 122. A temperature gradient then forms at interfaces II and 12. It is noted that deep 
dopant region 120 may be formed so that it is immediately adjacent drain and source regions 

30 80 and 84, so that interfaces II and 12 form the boundary between these regions and the deep 
dopant region. 

When a sufficiently high temperature is reached at interfaces II and 12 (e.g., 1 100°C, 
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the melting temperature of amorphous silicon), regions 80 and 84 undergo explosive 
recrystallization, in which a moving melt front (as indicated by arrows 124) propagates toward 
upper surface 1 1 of substrate 10. The explosive recrystallization occurs when the molten Si 
starts to solidify into crystalline Si from the primary melt at interfaces II and 12. The latent 
5 heat released by this solidification melts a thin layer of the overlying doped amorphous regions 
80 and 84 immediately adjacent interfaces II and 12, Latent heat is again released during 
crystallization of this secondary melt and thus a thin liquid Si layer propagates from the 
original liquid-solid interfaces II and 12 to surface 11 of substrate 10. This process is 
quenched at conformal layer 106, since the melting temperature of the conformal layer is 

10 higher than that of drain and source regions 80 and 84 (or amorphous Si generally). 

Alternatively, front-side irradiation is performed as above, but with an amount of 
irradiance designed to provide energy to deep dopant region 120 so that heat from deep 
dopant region 120 heats drain and source regions 80 and 84 to a temperature between 800°C 
to 1 100°C, which is sufficient to activate regions 80 and 84 without melting them. 

15 An alternative to performing front- side irradiation is backside irradiating lower 

surface 12 of substrate 10 with radiation beam 116 having a wavelength from 1 to 20 microns, 
an irradiance of 0. 1 to 1000 J/cm 2 and a temporal pulse length shorter than 1 ms. In this case, 
lower surface 12 should be polished to avoid light loss due to surface scattering. Radiation 
beam 1 16 travels through substrate 10 and is absorbed in deep dopant region 120. This heat is 

20 release and diffuses outward, forming a temperature gradient at interfaces II and 12, which 
causes explosive re-crystallization of regions 80 and 84 once to the temperature at interfaces 
II and 12 exceed about 1 100°C. The recrystallization propagates toward upper surface 1 1 of 
substrate 10, thereby activating drain and source regions 80 and 84, as well as extensions 60 
and 62. Alternatively, deep dopant region 120 is irradiated using backside irradiation, which 

25 then provides heat to drain and source regions 80 and 84 sufficient to activate the regions 
without melting them, as described above. Conformal layer 106, as described above, can be 
made of reflecting, transparent, or opaque materials. 

An alternative to separately using front-side or backside irradiation is using both front- 
side and backside irradiation via radiation beams 110 and 116, respectively, to form the 

30 thermal gradient at interfaces II and 12, so as to initiate explosive recrystallization, which 
activates drain and source regions 80 and 84 and extensions 60 and 62, as described above. 
Alternatively, sufficient heat can be added to drain and source regions 80 and 84 and 
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extensions 60 and 62 via front side irradiation such that, when combined with the heat 
provided by the explosive recrystallization, drain and source regions 80 and 84 and extensions 
60 and 62 melt and recrystallize to achieve activation. Another alternative is to heat deep 
dopant region 120 with radiation beam 116 and then further heat drain and source regions 80 
5 and 84 and extensions 60 and 62 with radiation beam 1 10 to a temperature sufficient to 
activate the regions and the extensions without melting them. Conformal layer 106 may be 
made of transparent or opaque materials. For front-side irradiation, the wavelength of 
radiation beam 1 10 is preferably in the range from 0. 1 to 20 microns. For backside irradiation, 
the wavelength of radiation beam 1 16 is preferably in the range from 1 to 20 microns. 

10 With reference now to FIG. 3C, in a second aspect of the present embodiment, the 

process follows the steps described above in connection with the first embodiment, from FIG. 
1A, through to FIG. 1C, and forther includes the step of forming deep dopant region 120 
(FIG. 3A). However, rather than forming extensions 60 and 62, amorphizmg and dopant 
implants 48 and 50 (FIGS. IB and 1C) are carried out to directly form drain and source 

15 regions 80 and 84 that extend down to about 50 nanometers, and that extend laterally within 
substrate 10 to sides 38a and 38b, as extended into the substrate as indicated by the dashed 
lines. In this aspect of the present embodiment, with reference to FIG. 3C, irradiation to 
activate drain and source regions 80 and 84 is carried out as described above in connection 
with the various alternatives described in the first aspect of the present embodiment. 

20 The process of the present invention as described above with respect to the above 

described embodiments results in activate drain and source regions 80 and 84 (and, in certain 
aspects of the embodiment, extensions 60 and 62), wherein the dopant profile is very shallow 
(on the order of 50 nm), has a sharply defined boundary, and has a very low sheet resistance, 
as indicated by the curves in FIG. 2. 

25 The dopant concentration in the laser annealed regions (and extensions) that results is 

also much higher (e.g., on the order of 10 21 cm" 3 ) and relatively scales with implant doses, 
while in comparison, for regions annealed using conventional RTA, the dopant concentration 
saturates at about 3xl0 20 cm" 3 . For a boron implant dose of lxl0 16 cm" 2 , the sheet resistance 
obtained using the present process is about 73£2/sq (see FIG. 2). It is believed this represents 

30 the lowest sheet resistance reported for drain and source regions having a depth of 50 

nanometers or shallower. It also indicates that the activated dopant concentration is above 
lO^cm" 3 , which is higher than the solid solubility limit. 
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Third Embodiment 

With reference now to FIGS 4 A and 4B, a third embodiment of the process of the 
present invention is now described. The present embodiment follows essentially the same 
steps of the two aspects of the first embodiment described above in connection with FIGS. 
5 1A-1G. However, unlike the first embodiment, there is no amorphizing implants 48 or 70. 
Thus, with reference to FIGS. 4A and 4B, rather than forming doped amorphous extensions 
60 and 62 and/or doped amorphous drain and source regions 80 and 84 (FIG. IE), in the 
present embodiment, doped extensions 60' and 62' and/or doped drain and source regions 80' 
and 84' that are formed are essentially crystalline. Accordingly, the interfaces between drain 

10 region 80'(or source region 84') and the substrate are dopant- substrate interfaces II' and 12', 
in analogy to amorphous-crystalline interfaces II and 12. 

Accordingly, with reference to FIG. 4A, as in the first embodiment, once the structure 
shown therein is created using the steps corresponding to FIGS. 1A and lC-lEdescribed 
above in connection with the first embodiment (i.e., the steps that correspond to FIGS. 1A-1E 

15 without performing the amorphizing implants 48 or 70), the next step in the process is 

performing front side irradiation with radiation beam 110 having a wavelength of between 0. 1 
and 20 microns, a temporal pulse width of less than 1 ms, and an irradiance between 0. lto 
1000 J/cm 2 per pulse. 

If a conformal layer 106 is present and made of a transparent material, radiation 

20 beam 1 10 is absorbed by drain and source regions 80' and 84' and extensions 60' and 62'. 

The energy from this absorption is sufficient to heat drain and source regions 80' and 84' and 
extensions 60' and 62' to a temperature between 800 °C and 1410 °C, which is sufficient to 
activate the regions and the extensions without melting them or the crystalline substrate 10, 
the latter having a melting temperature of about 1410°C. Also, in an alternative embodiment, 

25 the temperature of drain and source regions 80' and 84' and extensions 60' and 62* may be 
made high enough to melt the regions and the extensions to achieve activation upon 
recrystallization, as described above. 

If conformal layer 106 is made of an opaque material, then radiation beam 1 10 is 
absorbed by the conformal layer. Heat from this absorption is diffused to drain and source 

30 regions 80' and 84' and extensions 60' and 62'. This heat is designed to be sufficient to heat 
drain and source regions 80' and 84' and extensions 60' and 62' to a temperature between 
800 °C and 1410°C, which is sufficient to activate the regions and the extensions without 
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melting them. In an alternative embodiment, the temperature of drain and source regions 80' 
and 84' and extensions 60' and 62' may be made high enough to melt the regions and the 
extensions to achieve activation upon recrystallization. 

In an alternative to front-side irradiation, the same effect may be achieved by 
5 irradiating substrate 10 with backside irradiation via radiation beam 116. In this case, lower 
surface 12 should be polished to avoid light loss due to surface scattering. As in the 
embodiments described above, radiation beam 116 preferably has a wavelength between 1 to 
20 microns, a temporal pulse length of less than 1ms, and an irradiance between 0.1 and 1000 
J/cm 2 . Radiation beam 116 travels through lower surface 12 of substrate 10, and is absorbed 

10 in drain and source regions 80' and 84'. Radiation beam 1 16 is absorbed by drain and source 
regions 80' and 84' and by extensions 60' and 62' and heat the regions and the extensions to a 
temperature of 800° C and 1 100°C, which is sufficient to activate the regions without melting 
the region. Also, in an alternative embodiment, the temperature of drain and source regions 
80' and 84' and extensions 60' and 62' may be made high enough to briefly melt the regions 

15 and the extensions to achieve activation upon recrystallization. Also, in this case, conformal 
layer 106 may comprise a material that reflects heat, such as aluminum. Thus, conformal layer 
106 acts to direct any light that passes through to upper surface 1 1 back into regions 80' and 
84' and extensions 60' and 62' further heating the regions and the extensions. Also, as 
discussed above in connection with the previous embodiments, conformal layer 106 may also 

20 be made out of transparent or opaque materials. 

In an alternative to separately performing front-side and backside irradiation, both 
backside and front-side irradiation is performed with radiation beams 1 10 and 116, 
respectively, to achieve activation of drain and source regions 80' and 84' and extensions 60' 
and 62'. In this case, radiation beam 1 10 preferably has an irradiance sufficient to heat regions 

25 80' and 84' to a temperature up to 1000°C. The wavelength of radiation beam 110 should be 
0. 1 to 20 microns if a conformal layer 106 is present. In combination therewith, radiation 
beam 116 irradiates substrate 10 through lower surface 12, with radiation beam 110 having a 
wavelength of between 1 to 20 microns, a temporal pulse length of less than 1ms, and an 
irradiance between 0. 1 and 1000 J/cm 2 . Radiation beam 1 16 is designed to heat drain and 

30 source regions 80' and 84' and extensions 60' and 62' to a temperature sufficient to activate 
the regions and the extensions without melting them. Also, in this alternative embodiment, the 
temperature of drain and source regions 80' and 84' and extensions 60' and 62' may be made 
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high enough to briefly melt the regions and the extensions to achieve activation upon 
recrystallization. Also, in this case, conformal layer 106, if present, may comprise a material 
that reflects heat, such as aluminum. Thus, conformal layer 106 in this instance acts to direct 
radiation that makes it to upper surface 1 1 back into drain and source regions 80' and 84' and 
5 extensions 60' and 62 % further heating the regions and the extensions. On the other hand, 
conformal layer 106 may be made of either transparent or opaque materials, and function as a 
member for holding the structure together, or as an absorbing member, respectively. 

With reference to FIG. 4B, in a second aspect of the present embodiment, the process 
follows the steps described above in connection with FIGS. 1A-1C of the first embodiment. 

10 However, rather than forming extensions 60 and 62, dopant implants 48 and 50 are carried out 
to directly form drain and source regions 80' and 84' that extend down to about 50 
nanometers, and that extend laterally within substrate 10 to sides 38a and 38b, as extended 
into the substrate, as indicated by the dashed lines. In this aspect of the present embodiment, 
with reference to FIG. 4B, irradiation to activate drain and source regions 80' and 84' is 

15 carried out as described above in connection with the various alternatives described in the first 
aspect of the present (third) embodiment. 

The process of the present invention as described above with respect to this third 
embodiment results in activated drain and source regions 80' and 84' (and also extensions 60' 
and 62' in the first aspect of the present embodiment), wherein the dopant profile is very 

20 shallow (on the order of 50 nm), has a sharply defined boundary, and has a very low sheet 
resistance, as indicated by the curves in FIG. 2. 

The dopant concentration in the laser annealed drain and source regions (and 
extensions) that results is also much higher (e.g., on the order of lO^cm 3 ) and relatively scales 
with implant doses, while in comparison, for regions annealed using conventional RTA> the 

25 dopant concentration saturates at about 3xl0 20 cm" 3 . For a boron implant dose of lxl0 16 cm" 2 , 
the sheet resistance obtained using the present process is about 73Q/sq (see FIG. 2). It is 
believed this represents the lowest sheet resistance reported for drain and source regions 
having a depth of 50 nanometers or shallower. It also indicates that the activated dopant 
concentration is above 10 21 cm" 3 , which is higher than the solid solubility limit. 

30 Fourth Embodiment 

With reference now to FIGS. 5 A and 5B, two aspects of a fourth embodiment of the 
process of the present inventions now described. The present (fourth) embodiment includes 
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the first and second aspects having the same steps of the first and second aspects of the second 
embodiment respectively, discussed above, except that the amorphizing implants 40 and 70 are 
not performed. Accordingly, instead of doped amorphous drain and source regions 80 and 84 
and doped amorphous extensions 60 and 62 (FIG. 3B), or just doped amorphous drain and 
5 source regions 80 and 84 (see FIG. 3C), there are formed doped extensions 60' and 62' 

and/or doped regions 80' and 84' that are essentially crystalline. Accordingly, the interfaces 
between drain region 80'(or source region 84') and the substrate are dopant-substrate 
interfaces IV and 12', in analogy to amorphous-crystalline interfaces II and 12, as discussed in 
the third embodiment of the present invention. 

10 Accordingly, with reference now first to FIG. 5 A, in the first aspect of the present 

embodiment, after performing the steps associated with FIGS. 1A-1C, and forming deep 
dopant region 120 as described above in connection with FIG. 3 A, the next step includes 
performing front-side irradiation with radiation beam 1 10, as described above in connection 
with the first aspect of the second embodiment. 

15 An alternative to performing front- side irradiation is performing backside irradiation 

with radiation beam 1 16, as described above in connection with the second embodiment. 

Another alternative to separately performing front-side and backside irradiation is 
performing both front side and backside irradiation using radiation beams 110 and 116, 
respectively, as described above in connection with the second embodiment. 

20 With reference now to FIG. 5B, in a second aspect of the present (fourth) 

embodiment, the process follows the steps associated with FIGS. 1 A-1C and the step of 
forming deep dopant region 120 as described above in connection with FIG. 3A. However, 
rather than forming extensions 60 and 62, dopant implant 50 is carried out to directly form 
drain and source regions 80' and 84' that extend down to about 50 nanometers, and that 

25 extent within substrate 10 to sides 38a and 38b, as extended into the substrate as indicated by 
the dashed lines. In this aspect of the present embodiment, with reference to FIG. 5B, 
irradiation to activate drain and source regions 80' and 84' is carried out as described above in 
connection with the various alternatives as set forth in the first aspect of the present 
embodiment. 

30 The process of the present invention as described above with respect to the first 

embodiment results in activate drain and source regions 80' and 84' (and also extensions 60' 
and 62' in the first aspect of the embodiment), wherein the dopant profile is very shallow (on 
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the order of 50 nm), has a sharply defined boundary, and has a very low sheet resistance, as 
indicated by the curves in FIG. 2. 

The dopant concentration in the laser annealed regions (and extensions) that results is 
also much higher (e.g., on the order of 10 21 cm" 3 ) and relatively scales with implant doses, 
while in comparison, for regions annealed using conventional RTA, the dopant concentration 
saturates at about 3x1 O^cm 3 . For a boron implant dose of lxl0 16 cm" 2 , the sheet resistance 
obtained using the present process is about 73£2/sq (see FIG. 2). It is believed this represents 
the lowest sheet resistance reported for drain and source regions having a depth of 50 
nanometers or shallower. It also indicates that the activated dopant concentration is above 
10 21 cm" 3 , which is higher than the solid solubility limit. 

While the present invention has been described in connection with preferred 
embodiments, it will be understood that it is not so limited, In addition, it will be understood 
that the particular radiation beam irradiance values and other parameters associated with 
practicing the present invention may best be determined empirically rather than analytically, as 
is common in the art of semiconductor processing. Accordingly, the present invention is 
intended to cover all alternatives, modifications and equivalents as may be included within the 
spirit and scope of the invention as defined in the appended claims. 
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What is claimed is: 

1 . A process for fabricating a transistor device a semiconductor substrate having 
an upper surface, spaced apart shallow trench isolations, and a gate formed on the upper 
surface between the shallow trench isolations, comprising the steps of: 

a) forming first amorphous regions in the semiconductor substrate near the upper 
surface on either side of the gate; 

b) doping said first amorphous regions, thereby forming corresponding first and 
second doped amorphous extensions; 

c) forming first and second sidewall spacers adjacent said sides of said gate; 

d) forming second amorphous regions in the semiconductor substrate adjacent 
said first and second extensions opposite the substrate upper surface; 

e) doping said second amorphous regions, thereby forming corresponding doped 
amorphous deep drain a doped amorphous deep source regions; 

f) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 

g) performing at least one of front-side irradiation and backside irradiation, 
thereby providing sufficient heat to said first and second extensions and said 
deep drain and said deep source regions so as to effectuate activation of said 
first and second extensions and said deep drain and said deep source regions. 

2. A process according to claim 1, wherein said heat in said step g) is insufficient 
to melt said first and second extensions, said deep drain, and said deep source. 

3. A process according to claim 1, wherein said heat in said step g) is sufficient 
to melt said first and second extensions, said deep drain, and said deep source but insufficient 
to melt the substrate. 

4. A process according to claim 1, wherein said conformal layer is transparent to 
said front- side irradiation. 

5. A process according to claim 1, wherein said conformal layer absorbs said 
front- side irradiation. 

6. A process according to claim 1, wherein said conformal layer comprises at least 
one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 
nitride. 
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7. A process according to claim 1, further including the step, after said step g), of 
stripping said conformal layer. 

8. A process according to claim 1, wherein, said front-side irradiation is pulsed 
laser light having a wavelength of between 0. 1 and 0.6 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer is transparent to said wavelength. 

9. A process according to claim 1, wherein said front-side irradiation is pulsed 
laser fight having a wavelength of between 0.1 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0.1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer absorbs said wavelength. 

10. A process according to claim 1, wherein said back-side irradiation is laser light 
having a wavelength between 1 to 20 microns, a temporal pulse length of less than 1ms, and 
an irradiance between 0.1 and 1000 J/cm 2 . 

11. A process according to claim 1, wherein: 

i) said step d) includes performing a boron dopant implant with a dose of lxlO 16 
cm" 2 to a depth of 50 nanometers or less: and 

ii) said step f) is performed until said deep drain and said deep source have a sheet 
resistance of 200 Q /sq or less. 

12. A process for fabricating a transistor device a semiconductor substrate having 
an upper surface, spaced apart shallow trench isolations, and a gate formed on the upper 
surface between the shallow trench isolations, comprising the steps of: 

a) forming first and second amorphous regions in the semiconductor substrate 
near the upper surface on either side of the gate; 

b) doping said first amorphous regions, thereby forming corresponding first and 
second doped drains and source regions; 

c) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 

d) performing at least one of front-side irradiation and backside irradiation, 
thereby providing sufficient heat to said deep drain and<said deep source 
regions so as to effectuate activation of deep drain and said deep source 
regions. 

13. A process according to claim 12, wherein said heat in said step d) is insufficient 
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to melt said first and second extensions, said deep drain, and said deep source. 

14. A process according to claim 12, wherein said heat in said step d) is sufficient 
to melt said first and second extensions, said deep drain, and said deep source hut insufficient 
to melt the suhstrate. 

5 15. A process according to claim 12, wherein said conformal layer is transparent to 

said front- side irradiation. 

16. A process according to claim 12, wherein said conformal layer absorbs said 
front- side irradiation. 

17. A process according to claim 12, wherein said conformal layer comprises at 
10 least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 

nitride. 

18. A process according to claim 12, further including the step, after said step d), 
of stripping said conformal layer. 

19. A process according to claim 12, wherein, said front- side irradiation is pulsed 
15 laser light having a wavelength of between 0. 1 and 0.6 microns, a temporal pulse width of less 

than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer is transparent to said wavelength. 

20. A process according to claim 12, wherein said front-side irradiation is pulsed 
laser light having a wavelength of between 0.1 and 20 microns, a temporal pulse width of less 

20 than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer absorbs said wavelength. 

21. A process according to claim 12, wherein said back-side irradiation is laser 
light having a wavelength between 1 to 20 microns, a temporal pulse length of less than 1ms, 
and an irradiance between 0. 1 and 1000 J/cm 2 . 

25 22. A process according to claim 12, wherein: 

i) said step d) includes performing a boron dopant implant with a dose of lxlO 16 
cm" 2 to a depth of 50 nanometers or less; and 

ii) said step f) is performed until said deep drain and said deep source have a sheet 
resistance of 200 Q /sq or less. 

30 23. A process for fabricating a transistor device in a semiconductor substrate 

having an upper surface, spaced apart shallow trench isolations, and a gate formed on the 
upper surface between the shallow trench isolations, comprising the steps of: 
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a) forming a deep dopant region below the upper surface of the substrate; 

b) forming first and second amorphous regions in the substrate adjacent the gate 
and between the upper surface and said deep dopant region, said first and 
second amorphous regions respectively including first and second amorphous- 
crystalline interfaces; 

c) doping said first and second amorphous regions, thereby forming 
corresponding deep drain and deep source regions; 

d) forming a strippable confonnal layer atop the upper surface of the substrate; 
and 

e) performing at least one of front-side irradiation and backside irradiation, 
thereby providing sufficient heat to said deep dopant region to effectuate 
activation of said doped amorphous region 

24. A process according to claim 23, wherein said heat in said step e) is insufficient 
to melt said deep drain and deep source regions. 

25. A process according to claim 23, wherein said heat in said step e) is sufficient 
to melt said deep drain and deep source regions, but insufficient to melt the substrate. 

26. A process according to claim 23, wherein said heat in said step e) is sufficient 
to activate said deep source and deep drain regions through explosive recrystallization. 

27. A process according to claim 23, wherein said conformal layer is a transparent. 

28. A process according to claim 23, wherein said conformal layer is absorbing. 

29. A process according to claim 23, wherein said conformal layer comprises at 
least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 
nitride. 

30. A process according to claim 23, further including the step, after said step e), 
of stripping said conformal layer. 

31. A process according to claim 23, wherein, said front-side irradiation is pulsed 
laser light having a wavelength of between 0. 1 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 to 1000 J/cm 2 per pulse, and wherein said conformal 
layer is transparent to said wavelength. 

32. A process according to claim 23, wherein said front-side irradiation is pulsed 
laser light having a wavelength of between 0. 1 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
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conformal layer absorbs said wavelength. 

33. A process according to claim 23, wherein said backside irradiation is laser light 
having a wavelength between 1 and 20 microns, a temporal pulse length of less than 1ms, and 
an irradiance between 0.1 and 1000 J/cm 2 . 

34. A process according to claim 23, wherein: 

i) said step c) includes performing a boron dopant implant with a dose of lxl 0 16 
cm" 2 to a depth of 50 nm or less; 

ii) said step e) is performed until said doped amorphous region has a sheet 
resistance of 200 £2 /sq or less. 

35. A process for fabricating a transistor device in a semiconductor substrate 
having an upper surface, spaced apart shallow trench isolations, and a gate formed on the 
upper surface between the shallow trench isolations, comprising the steps of: 

a) forming a deep dopant region below the upper surface of the substrate; 

b) forming first and second amorphous regions in the substrate adjacent the gate 
and between the upper surface and said deep dopant region; 

c) doping said first and second amorphous regions, thereby forming 
corresponding first and second extension regions; 

d) forming first and second sidewall spacers adjacent said sides of said gate; 

e) forming second amorphous regions in the semiconductor substrate adjacent 
said first and second extensions opposite the substrate upper surface; 

f) doping said second amorphous regions, thereby forming corresponding doped 
amorphous deep drain doped amorphous deep source regions respectively 
having first and second amorphous-crystalline interfaces; 

g) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 

h) performing at least one of front-side irradiation and backside irradiation, 
thereby providing sufficient heat to said deep dopant region to effectuate 
activation of said deep drain and deep source regions. 

36. A process according to claim 35, wherein said heat in said step h) is insufficient 
to melt said deep drain and deep source regions. 

37. A process according to claim 35, wherein said heat in said step h) is sufficient 
to melt said deep drain and deep source regions, but insufficient to melt the substrate. 
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38. A process according to claim 35, wherein said heat in said step h) is sufficient 
to activate said deep source and deep drain regions through explosive recrystallization. 

39. A process according to claim 35, wherein said conformal layer is a transparent. 

40. A process according to claim 35, wherein said conformal layer is absorbing. 
5 41 . A process according to claim 35, wherein said conformal layer comprises at 

least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 
nitride. 

42. A process according to claim 35, further including the step, after said step h), 
of stripping said conformal layer. 
10 43. A process according to claim 35, wherein, said front-side irradiation is pulsed 

laser light having a wavelength of between 0. 1 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 to 1000 J/cm 2 per pulse, and wherein said conformal 
layer is transparent to said wavelength. 

44. A process according to claim 35, wherein said backside irradiation is laser light 
15 having a wavelength between 1 and 20 microns, a temporal pulse length of less than 1ms, and 

an irradiance between 0.1 and 1000 J/cm 2 . 

45. A process according to claim 35, wherein: 

i) said step e) includes performing a boron dopant implant with a dose of lxlO 16 
cm" 2 to a depth of 50 nm or less; and 
20 ii) said step g) is performed until said doped amorphous region has a sheet 

resistance of 200 Q /sq or less. 

46. A process for fabricating a transistor device a semiconductor substrate having 
an upper surface, spaced apart shallow trench isolations, and a gate formed on the upper 
surface between the shallow trench isolations, comprising the steps of: 

25 a) forming first and second doped extensions the semiconductor substrate near 

the upper surface on either side of the gate; 

b) forming first and second sidewall spacers adjacent said sides of said gate; 

c) forming doped drain and source regions in the semiconductor substrate 
adjacent said first and second extensions respectively, opposite the substrate 

30 upper surface; 

d) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 
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e) performing at least one of front- side irradiation and backside irradiation, 

thereby providing sufficient heat to said first and second extensions and said 
deep drain and said deep source regions so as to effectuate activation of said 
first and second extensions and said deep drain and said deep source regions. 
5 47. A process according to claim 46, wherein said heat in said step e) is insufficient 

to melt said first and second extensions, said deep drain, and said deep source. 

48. A process according to claim 46, wherein said heat in said step e) is sufficient 
to melt said first and second extensions, said deep drain, and said deep source but insufficient 
to melt the substrate. 

10 49. A process according to claim 46, wherein said conformal layer is transparent to 

said front- side irradiation. 

50. A process according to claim 46, wherein said conformal layer absorbs said 
front- side irradiation. 

51. A process according to claim 46, wherein said conformal layer comprises at 
15 least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 

nitride. 

52. A process according to claim 46, further including the step, after said step e), 
of stripping said conformal layer. 

53. A process according to claim 46, wherein, said front-side irradiation is pulsed 
20 laser light having a wavelength of between 0. 1 and 0.6 microns, a temporal pulse width of less 

than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer is transparent to said wavelength. 

54. A process according to claim 46, wherein said front-side irradiation is pulsed 
laser light having a wavelength of between 0.1 and 20 microns, a temporal pulse width of less 

25 than 1 ms, and an irradiance between 0.1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer absorbs said wavelength. 

55. A process according to claim 46, wherein said back- side irradiation is laser 
light having a wavelength between 1 to 20 microns, a temporal pulse length of less than 1ms, 
and an irradiance between 0. 1 and 1000 J/cm 2 . 

30 56. A process according to claim 46, wherein: 

i) said step b) includes performing a boron dopant implant with a dose of lxlO 16 
cm" 2 to a depth of 50 nanometers or less; and 
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ii) said step d) is performed until said deep drain and said deep source have a 
sheet resistance of 200 Q /sq or less. 

57. A process for fabricating a transistor device a semiconductor substrate having 
an upper surface, spaced apart shallow trench isolations, and a gate formed on the upper 

5 surface between the shallow trench isolations, comprising the steps of: 

a) forming first and second doped drain and source regions in the semiconductor 
substrate near the upper surface on either side of the gate; 

b) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 

10 c) performing at least one of front- side irradiation and backside irradiation, 

thereby providing sufficient heat to said deep drain and said deep source 
regions so as to effectuate activation of deep drain and said deep source 
regions. 

58. A process according to claim 57, wherein said heat in said step c) is insufficient 
15 to melt said first and second extensions, said deep drain, and said deep source. 

59. A process according to claim 57, wherein said heat in said step c) is sufficient 
to melt said first and second extensions, said deep drain, and said deep source but insufficient 
to melt the substrate. 

60. A process according to claim 57, wherein said conformal layer is transparent to 
20 said front-side irradiation. 

61. A process according to claim 57, wherein said conformal layer absorbs said 
front-side irradiation. 

62. A process according to claim 57, wherein said conformal layer comprises at 
least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 

25 nitride. 

63. A process according to claim 57, further including the step, after said step c), 
of stripping said conformal layer. 

64. A process according to claim 57 wherein, said front-side irradiation is pulsed 
laser light having a wavelength of between 0.1 and 0.6 microns, a temporal pulse width of less 

30 than 1 ms, and an irradiance between 0.1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer is transparent to said wavelength. 
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65. A process according to claim 57, wherein said front-side irradiation is pulsed 
laser light having a wavelength of between 0.1 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer absorbs said wavelength. 

66. A process according to claim 57, wherein said back-side irradiation is laser 
light having a wavelength between 1 to 20 microns, a temporal pulse length of less than 1ms, 
and an irradiance between 0. 1 and 1000 J/cm 2 . 

67. A process according to claim 57, wherein: 

i) said step a) includes performing a boron dopant implant with a dose of 1x1 0 1 6 
cm' 2 to a depth of 50 nanometers or less; and 

ii) said step c) is performed until said deep drain and said deep source have a 
sheet resistance of 200 Q /sq or less. 

68. A process for fabricating a transistor device in a semiconductor substrate 
having an upper surface, spaced apart shallow trench isolations, and a gate formed on the 
upper surface between the shallow trench isolations, comprising the steps of: 

a) forming a deep dopant region below the upper surface of the substrate; 

b) forming first and second doped extensions in the substrate adjacent the gate; 

c) forming first and second sidewall spacers adjacent said sides of said gate; 

d) forming doped deep drain and deep source regions in the substrate between 
said first and second doped extensions, respectively, and said deep dopant 
region, said drain and source regions having drain- substrate and source- 
substrate interfaces, respectively; 

e) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 

f) performing at least one of front-side irradiation and backside irradiation, 
thereby providing sufficient heat to said deep dopant region to effectuate 
activation of said doped amorphous region. 

69. A process according to claim 68, wherein said heat in said step f) is insufficient 
to melt said deep drain and deep source regions. 

70. A process according to claim 68, wherein said heat in said step f) is sufficient 
to melt said deep drain and deep source regions, but insufficient to melt the substrate. 
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71. A process according to claim 68, wherein said heat in said step f) is sufficient 
to activate said deep source and deep drain regions through explosive recrystallization. 

72. A process according to claim 68, wherein said conformal layer is a transparent. 

73. A process according to claim 68, wherein said conformal layer is absorbing. 
5 74. A process according to claim 68, wherein said conformal layer comprises at 

least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 
nitride. 

75. A process according to claim 68, further including the step, after said step f), of 
stripping said conformal layer. 
10 76. A process according to claim 68, wherein, said front-side irradiation is pulsed 

laser light having a wavelength of between 0.6 and 20 microns, a temporal pulse width of 
less than 1 ms, and an irradiance between 0. 1 to 1000 J/cm 2 per pulse, and wherein said 
conformal layer is transparent to said wavelength. 

77. A process according to claim 68, wherein said front-side irradiation is pulsed 
15 laser light having a wavelength of between 0. 1 and 20 microns, a temporal pulse width of less 

than 1 ms, and an irradiance between 0.1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer absorbs said wavelength. 

78. A process according to claim 68, wherein said backside irradiation is laser light 
having a wavelength between 1 and 20 microns, a temporal pulse length of less than 1ms, and 

20 an irradiance between 0. 1 and 1000 J/cm 2 . 

79. A process according to claim 68, wherein: 

i) said step c) includes performing a boron dopant implant with a dose of lxlO 16 
cm" 2 to a depth of 50 nm or less; and 

ii) said step e) is performed until said doped amorphous region has a sheet 
25 resistance of 200 Q /sq or less. 

80. A process for fabricating a transistor device in a semiconductor substrate 
having an upper surface, spaced apart shallow trench isolations, and a gate formed on the 
upper surface between the shallow trench isolations, comprising the steps of: 

a) forming a deep dopant region below the upper surface of the substrate; 
30 b) forming doped deep drain and deep source regions in the substrate adjacent the 

gate and between the upper surface and said deep dopant region, thereby 
forming a first interface between the deep drain region and the substrate and a 
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second interface between the deep source region and the substrate; 

c) forming a strippable conformal layer atop the upper surface of the substrate 
and the gate; and 

d) performing at least one of front-side irradiation and backside irradiation, 
5 thereby providing sufficient heat to said deep dopant region to effectuate 

activation of said deep drain and deep source regions. 

81. A process according to claim 80, wherein said heat in said step d) is insufficient 
to melt said deep drain and deep source regions. 

82. A process according to claim 80, wherein said heat in said step d) is sufficient 
10 to melt said deep drain and deep source regions, but insufficient to melt the substrate. 

83. A process according to claim 80, wherein said heat in said step d) is sufficient 
to activate said deep source and deep drain regions through explosive recrystallization. 

84. A process according to claim 80, wherein said conformal layer is a transparent. 

85. A process according to claim 80, wherein said conformal layer is absorbing. 
15 86. A process according to claim 80, wherein said conformal layer comprises at 

least one of tantalum nitride, titanium, titanium nitride, tantalum, tungsten nitride, oxide, and 
nitride. 

87. A process according to claim 80, further including the step, after said step e), 
of stripping said conformal layer. 
20 88. A process according to claim 80, wherein, said front-side irradiation is pulsed 

laser light having a wavelength of between 0.6 and 20 microns, a temporal pulse width of less 
than 1 ms, and an irradiance between 0. 1 to 1000 J/cm 2 per pulse, and wherein said conformal 
layer is transparent to said wavelength. 

89. A process according to claim 80, wherein said front- side irradiation is pulsed 
25 laser light having a wavelength of between 0. 1 and 20 microns, a temporal pulse width of less 

than 1 ms, and an irradiance between 0. 1 and 1000 J/cm 2 per pulse, and wherein said 
conformal layer absorbs said wavelength. 

90. A process according to claim 80, wherein said backside irradiation is laser light 
having a wavelength between 1 and 20 microns, a temporal pulse length of less than 1ms, and 

30 an irradiance between 0.1 and 1000 J/cm 2 . 

91. A process according to claim 80, wherein: 

i) said step b) includes performing a boron dopant implant with a dose of lxlO 16 
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cm 2 to a depth of 50 nm or less; and 
ii) said step d) is performed until said doped amorphous region has a sheet 
resistance of 200 Q /sq or less. 

92. A transistor device formed in a Si substrate having upper and lower surfaces 
5 and first and second regions, comprising: 

a) first and second shallow trench isolations formed in the Si substrate; 

b) a gate having sides, formed atop the upper surface of the Si substrate between 
said first and second shallow isolation trenches; 

c) a doped drain extension region and a doped source extension region having an 
10 upper portion proximate the substrate upper surface and extending to a depth 

from the upper surface of 50 nanometers or less, said drain and source 
arranged between said first and second shallow isolation trenches and edge of 
said gate; 

d) first and second sidewall spacers adjacent said sides of said gate; 

15 e) a deep drain region and a deep source region each having an upper portion 

• proximate the substrate upper surface and extending to a depth from the upper 
surface of 50 nanometers or less, said deep drain and deep source arranged 
between said first and second shallow isolation trenches and said sidewall 
spacers; and 

20 f) wherein each of said drain extension, source extension, deep drain and deep 

source regions have a sheet resistance of 200 Q /sq or less. 

93. A transistor device formed in a Si substrate having upper and lower surfaces 
and first and second regions, con^rising: 

a) first and second shallow trench isolations formed in the Si substrate; 
25 b) a gate having sides, formed atop the upper surface of the Si substrate between 

said first and second shallow isolation trenches; 

c) a deep drain region and a deep source region each having an upper portion 
proximate the substrate upper surface and extending to a depth from the upper 
surface of 50 nanometers or less, said deep drain and deep source arranged 

30 between said first and second shallow isolation trenches and said sidewall 

spacers; and 

d) wherein said deep drain and deep source regions have a sheet resistance of 200 
Q /sq or less 
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